Background: Muscle fatigue occurs during prolonged exercise as the body's energy
Introduction
Muscle fatigue can be defined as the failure to maintain the required force during exercise (1) . During prolonged exercise, fatigue occurs as heat is generated and lactate, hydrogen ions, CO2 and ammonia accumulate in the muscles, thereby affecting the equilibrium of the internal environment (2) . Furthermore, muscle glycogen and blood glucose levels become depleted (2) . The depletion of these energy stocks are important determinants of fatigue during prolonged exercise (3, 4) . The sensation of fatigue can become so intense that the workload can no longer be maintained.
The onset of fatigue is delayed when carbohydrates are ingested before and during prolonged exercise (3, 5, 6) . Burgess and colleagues (1991) have shown that fatigue is delayed when an 8% glucose solution ingested during 180 minutes of exercise (3) . Fatigue assessed as ratings of perceived exertion (RPE) was attenuated during exercise, likely due to the maintenance of blood glucose, increased carbohydrate oxidation and by sparing muscle glycogen levels following carbohydrate ingestion (3, 7) . Glycogen levels are low in the latter stages of exercise, but blood glucose can still supply energy to working muscles. Therefore, carbohydrate feeding and thereby the maintenance of blood glucose may delay the onset of fatigue during prolonged exercise. As a result, there appears to be a relationship between high blood glucose levels, high carbohydrate oxidation rates and attenuated RPE during prolonged exercise (3).
Total carbohydrate oxidation and exogenous carbohydrate oxidation can be increased and maintained when carbohydrates are ingested. It is likely that this increase in oxidation rates improves performance and increases exercise capacity (for review see (8) ). Especially high exogenous carbohydrate oxidation rates have the potential to improve prolonged exercise performance, as endogenous carbohydrate stores become depleted during exercise (9) . There exists a dose-response relationship between carbohydrate ingestion rates, exogenous carbohydrate oxidation rates and performance (10) . Ingestion of glucose up to 1.0 to 1.5 g/min leads to a peak exogenous carbohydrate oxidation rate of ~1 g/min (11) . However, there is no further increase in exogenous carbohydrate oxidation rate when glucose is ingested at higher rates (12, 13) . transporters. Furthermore, sucrose is a disaccharide that is hydrolyzed at the brush-border membrane to glucose and fructose in a ratio of 1:1. It is likely that the absorption continues via the same intestine carbohydrate transporters as free glucose and free fructose (14) .
The maximum exogenous carbohydrate oxidation rate was thought to be ~1 g/min (11).
However, the co-ingestion of different carbohydrates may increase the oxidation rate further (for review see Jeukendrup (15) ). When fructose is ingested together with glucose, exogenous oxidation rate can increase to 1.26 g/min (12) . With the co-ingestion of different carbohydrates, different intestinal transporters are used for absorption. Therefore, the capacity for total intestinal carbohydrates absorption increases during the co-ingestion of these multiple transportable carbohydrates. As a result, more carbohydrates can be absorbed by the intestinal transporters. The highest possible exogenous carbohydrate oxidation rate depends on the capacity of the intestinal transporters and on the number of carbohydrates that are available for absorption (9) .
The ingestion of multiple transportable carbohydrates leads to a high exogenous carbohydrate oxidation and consequently to better performance compared to the ingestion of glucose (16, 17) . Therefore, the experience of fatigue may be decreased following ingestion of multiple carbohydrates during a fixed workload. The hypothesis is that the ingestion of multiple transportable carbohydrates decreases the experience of fatigue further than a single transportable carbohydrate because the exogenous carbohydrate oxidation rate is higher.
In the present study, the hypothesis that the ingestion of multiple transportable carbohydrates as glucose with fructose or glucose with sucrose decreases the experience of fatigue compared to an isoenergetic amount of glucose was investigated. To investigate this hypothesis, 12 healthy, trained male cyclists participated to cycle 180 minutes at 50% of their Wmax while ingesting water, glucose (1.8 g/min), glucose+fructose (1.2 + 0.6 g/min) or glucose+sucrose (0.6 + 1.2 g/min). The subjects were asked to rate their perceived exertion every 30 minutes during exercise to assess their experience of fatigue.
Furthermore, the subjects were asked to fill in a questionnaire every 30 minutes to assess gastrointestinal complaints. Breath-by-breath measurements were performed every 15 minutes to analyze substrate utilization. 
Material and methods

Subjects
Preliminary testing
The subjects were asked to fill in a medical questionnaire to determine their general health, use of medication, medical history and their sport activities for screening. One week before the start of the experimental trials, the subjects came to the lab for preliminary testing.
During this meeting, the height and body weight of each subject was measured. In order to determine the individual maximum power output (Wmax) and peak oxygen uptake (VO 2peak ), the subjects performed an incremental ergometer exercise test to volitional exhaustion. This test was performed on a cycle ergometer, modified to the configuration of a racing bicycle. The subjects first did a 5 minute warm-up at a workload of 100W, followed by incremental steps of 50 W every 2.5 minutes until exhaustion. The heart rate was recorded continuously by a heart rate monitor. The cadence was recorded at every interval. Breath-by-breath measurements were performed throughout exercise to assess the O 2 uptake and the CO 2 production using an online automated gas analysis system. The VO 2max was achieved when it met at least two of the three following criteria: 1) a respiratory exchange ratio higher than 1.05, 2) a heart rate within 10 beats per minute of the maximal heart rate, and 3) a levelling off of VO 2 with increasing workload. The maximum power output was calculated from the last completed work rate, plus the fraction of time spent in the final, non-completed work rate, multiplied by the work rate increment. The maximum power output was used to determine the work rate corresponding to 50% Wmax, which was later employed in the experimental trial.
Experimental design
During the experimental trial subjects were asked to cycle for 180 minutes at 50% Wmax, while receiving a glucose+fructose drink (GLU+FRUC), a glucose+sucrose drink (GLU+SUC),
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an isoenergetic glucose drink (GLU) or plain water (WAT). The carbohydrates used contained a high natural abundance of 13 C to quantify exogenous carbohydrate oxidation. The study was a double-blind, placebo-controlled study where the subjects were randomly assigned to a group.
Diet and activity before testing
48 hours prior to the experimental trial the subjects were asked to record their food intake and physical activity. The evening before the experimental trial, the subjects consumed a standardized meal as dinner. In addition, they were asked to perform an intense training session ('glycogen-depleting' exercise bout) 5 to 7 days before the experimental trial. The purpose of this was to empty any 13 C-enriched glycogen stores. After this intense training session, the subjects were asked to refrain from any food products with a high natural abundance of 13 C.
Protocol
The subjects arrived at the laboratory at 8:00 in the morning for the experimental trial after a 10 hour fast and having refrained from any strenuous activity or drinking any alcohol in the previous 24 hours. Prior to the commencement of the steady-state 180 minutes cycling exercise, a catheter was inserted in an antecubital vein of the subject's arm for repeated blood sampling, and the subjects were weighed and fitted with a heart rate monitor. In addition, they were familiarized with the Borg scale. The subjects were then seated on the cycle ergometer. A resting breath sample was collected in a 10-mL Exetainer tube which were filled directly from a mixing chamber to determine the 13 C/ 12 C ratio in the expired air. A resting blood sample of 10 ml was obtained, stored on ice and centrifuged. After this, the subjects exercised for 180 minutes at a work rate of 50% of their Wmax.
The ratings of perceived exertion of the subjects were determined during exercise using the Borg scale (18) . Every 30 minutes the subjects were asked to rate their perceived exertion for the whole body on a scale from 6 to 20 (6= no exertion at all, 7=extremely
light, 9=very light, 11=light, 13=somewhat hard, 15= hard, 17=very hard, 19=extremely hard and 20= maximal exertion) (figure 1). The ratings of perceived exertion indicate how heavy and strenuous the exercise feels, combining all sensations and feelings of fatigue, effort and physical stress.
Gastrointestinal complaints were also monitored by having the subjects fill in a questionnaire during exercise (figure 1). The questionnaire addressed the presence of complaints of gastrointestinal problems at that moment. These complaints were nausea, full feeling, urge to vomit, headache, dizziness, bloated feeling, flatulence, diarrhea, obstipation, urge to urinate, urge to defecate, belching, discomfort in gastric region, stomach burn, stomach cramps and intestinal cramps. Every 30 minutes the subjects were asked to give a number on a 10-point scale that corresponded to the severity of the complaint, with 1 corresponding to not at all and 10 to very, very much.
The RER, VO 2 and VCO 2 were assessed every 15 minutes for periods of 4 minutes using an online automated gas analysis system. Expiratory breath samples were collected every 15 minutes during exercise. Blood samples were drawn every 30 minutes during exercise (figure 1).
During the first 3 minutes of exercise, the subjects drank 600 mL of one of the four experimental drinks (WAT, GLU, GLU+FRUC or GLU+SUC). Thereafter, 150 mL of the 
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Analyses
Breath samples were analyzed for 13 C/ 12 C ratio by gas chromatography continuous flow isotope ratio mass spectrometry (GC-IRMS). Blood samples were collected in EDTA containing tubes and centrifuged at 3000g and 4ºC for 10 minutes. 2 ml of plasma was added in 5 Eppendorf tubes, frozen in liquid nitrogen and stored at -80C until analysis of glucose, lactate and insulin by radio immunoassay.
The formulas which follow were used to calculate total carbohydrate oxidation, fat oxidation and exogenous carbohydrate rates. The VCO 2 and VO 2 from the indirect calorimetry were used to calculate total fat and total carbohydrate oxidation following the stoichiometri equations of Frayn (19) .
Formulas:
• Total CHO oxidation = 4.55 VCO2 -3.21 VO2
• Fat oxidation = 1.67 VO2 -1.67 VCO2
• Exogenous carbohydrate oxidation = VC02 • (δExp-δExpbkg) / (δIng -δExpbkg) -1/k
Statistical analyses.
Data for subject characteristics such as age, weight, height, BMI, Wmax, Wmax/kg and VO 2peak were presented as means ± standard error. A one-way analysis of variance (ANOVA) was used to compare the RPE between the four drinks at one time point. A mixed ANOVA was used to determine the effect of the different drinks on the RPE, indirect calorimetry and exogenous carbohydrate oxidation over time. A Tukey post hoc test was applied to locate differences when ANOVA revealed a significant interaction. The statistical significance was set at P<0.05 for all tests. Data evaluation was performed using SPSS.
Results
The results of this study cannot be published.
Discussion/Conclusion
The results of the study cannot be published but speculations can be made. Other studies have shown no significant difference in the mean RPE when a glucose drink was compared with a glucose+sucrose+fructose drink, a glucose+fructose drink or a glucose+fructose drink (9, 13) . While studies showed no difference in mean RPE between carbohydrate drinks and water, several studies did show a difference during the latter stages of exercise (3, 6, 7, 20) . The same conclusions can be expected in this study: there will probably be significant 191 differences in RPE between the four drinks during later stages of exercise. Endogenous carbohydrate substrates provide energy at the start of exercise, thus RPE is expected to be the same for all groups when exercise starts. As exercise continues, endogenous carbohydrate energy substrates such as glycogen decrease significantly (20) . As a result, a localized muscular fatigue is induced as the energy supply to the myofibril contraction is interrupted. Carbohydrates will most likely minimize this localized muscular fatigue, as they provide exogenous carbohydrate energy substrates to glycogen-depleted muscle fibers (2) . Carbohydrate ingestion may therefore lower RPE during the latter stages of exercise compared to the water trial.
RPE is expected to be lower when multiple transportable carbohydrates are ingested compared to the glucose trial. With the ingestion of multiple transportable carbohydrates, different intestinal transporters are used for absorption and therefore more carbohydrates can be absorbed. As a result, the exogenous carbohydrate oxidation increases, which will increase performance. When exercising at a fixed workload, ingesting multiple transportable carbohydrates are expected to achieve an RPE lower than those achieved by the ingestion of glucose.
The ingestion of carbohydrates is likely to reduce the experience of fatigue compared to the ingestion of water only. This speculation is based on the fact that the rate of total carbohydrate oxidation is probably higher and maintained with the ingestion of carbohydrates and especially with the ingestion of multiple transportable carbohydrates (3) . With the large supply of carbohydrates, the blood glucose concentration is maintained.
Blood glucose is an important source of energy for working muscles and can still supply energy when carbohydrates are ingested. When only water is ingested, the glycogen levels are low late in exercise and there is no supply of energy to the working muscles, therefore the experience of fatigue is expected to be higher. expected that performance will be adversely affected (5) . Therefore, the RPE is likely to be higher in the glucose trial compared to the trials with ingestion of multiple transportable carbohydrates.
In summary, when glucose and fructose or glucose and sucrose are ingested simultaneously at high rates during endurance exercise, the experience of fatigue is likely to be reduced compared with the ingestion of an isoenergetic amount of glucose.
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